Two abandoned hayfields in southeastern Ontario were selected as sites in which to investigate possible effects of insect herbivory on early stages of secondary succession. The location, geology, history of land use, and soils have been described earlier (Crowder and Harmsen 1998) . Their nutrient status was discussed by Epp and Aarssen (1988) . Estimates of increasing cover and abundance of trees, shrubs and vines (51 species) during 1976-1998 were shown to follow classic suc cessional models, although with unusual pioneer species. After two decades the structure of the vegeta tion had become heterogeneous, with groves of small trees, shrub thickets, patches dominated by macroforbs and patches still dominated by grasses. Cover varied with fluctuations of weather from year to year, while soil differences influenced cover and species richness.
Two abandoned hayfields in southeastern Ontario were selected as sites in which to investigate possible effects of insect herbivory on early stages of secondary succession. The location, geology, history of land use, and soils have been described earlier (Crowder and Harmsen 1998) . Their nutrient status was discussed by Epp and Aarssen (1988) . Estimates of increasing cover and abundance of trees, shrubs and vines (51 species) during 1976-1998 were shown to follow classic suc cessional models, although with unusual pioneer species. After two decades the structure of the vegeta tion had become heterogeneous, with groves of small trees, shrub thickets, patches dominated by macroforbs and patches still dominated by grasses. Cover varied with fluctuations of weather from year to year, while soil differences influenced cover and species richness.
Most successional studies on old fields use synoptic records from fields of different ages, a method which obscures minor fluctuations and differences between fields. In this paper, year-to-year observations are used to follow temporal changes in the herbaceous commu nity and to relate its cover and species richness to those of the woody layers. Herbaceous species found in 27 experimental plots are listed to allow comparisons with other areas; lichens and bryophytes are omitted. Differences in soil texture (Crowder and Harmsen 1998) influenced cover and richness.
Within the herbaceous community, details of temporal change in selected groups of plants and some specific interactions are reported here. Grasses were the main constituents of the hayfields, including both agricultural and adventives species. Legumes also included sown and invasive species. Invasive macroforbs, mainly Solidago and Aster species, dominated parts of the fields; population changes of 15 species are re ported. Taraxacum officinalis, Dandelion, was selected to represent rosette plants. Sedges, horsetails and a few other minor components are described.
During the decades when vegetation was monitored, arthropods were also sampled (McBrien et al. 1983 ). Two insect populations had repetitive outbreaks which caused significant decreases of plant cover, and are therefore the only arthropods reported here. Larvae of the hesperiid European Skipper (Thymelicus lineola) grazed on grasses, particularly on Timothy, Phleum pratense (Henderson 1986 ). Larvae of beetles of the genus Trirhabda Le Conte (Coleoptera, Chrysomelidae), mostly Trirhabda virgata, grazed primarily on leaves of Solidago canadensis, causing intense defoliation. The strong effect of one or more outbreaks of beetles on plant vigour was replicated experimentally (McBrien and Harmsen 1987) . These defoliations can cause changes in successional pathways at the grassmacroforb stage by affecting the relative dominance of grass or goldenrods. Blatt et al. (2001) have used these data to develop a successional model including herbivore effects, showing possible outcomes for the herbs.
Methods
A hayfield abandoned in 1970 and one mown for hay until 1975 were selected at Queen's University Biology Station at Opinicon, Frontenac County, Ontario (44 o 03'N, 76 o 0'W). Nine permanent plots, each 100 m 2 , were demarcated in 1975 in the older field, which was called S field, for Solidago. Eighteen similar plots were placed in the younger field, and nine of these were ploughed once; these ploughed plots were called P and the undisturbed plots G, for grass. All plant species present in the 27 plots were listed in June and September of sampling years : 1976-1988, 1995, 1998 . Cover was estimated using five ran domly placed quadrats within each plot; cover values used in this paper were from September (McBrien et al. 1983; Hen derson 1986) . Each quadrat was 50 cm × 50 cm in area. Values were compared using Scheffe's mean separation test (Zar 1984; Blatt et al. 2003) . Per centage frequency, the number of quadrats in which a species was recorded at a particular time (Mellinger 1972; Eriksson and Jakobssen 1998) , was used as a mea sure of relative abundance (Maycock and Guzi kowa 1984) .
Nomenclature follows Newmaster et al. (1998) ; voucher specimens were lodged at the Fowler Her barium, Queen's University. Lichens, mosses and liverworts have been omitted from this paper.
Results and Discussion
Species richness of woody species and of herbs per 100 m 2 plot, through , is shown in Figure 1 . Note gaps in sampling after 1988. Herb richness trended downward with high annual variance while woody species richness increased over time (see Crowder and Harmsen 1998) .
The range of species richness was 7-65 in ploughed (P) plots, 6-42 in grass-dominated (G) plots, and 6-33 in Solidago (S) plots. Species richness of herbs and of woody plants in a grass plot (G1) and a ploughed plot (P2) are shown in Figures 2 and 3. Because soil texture was found to be correlated with species richness, the selected plots were matched for texture; both are sandy, with relatively low richness (Crowder and Harmsen 1998) . Note the difference in scale between Figures 2B and 3B. Species richness peaked in P2 three years after ploughing when several weedy species were present (cf. Armesto and Pickett 1985) .
Herbaceous taxa observed in 27 plots during 1976-1998 are listed in Table 1 , in alphabetical order, with English names added (Newmaster et al. 1998 ). The closest comparable study site is a 50-year-old field, at Erindale (Toronto area), described by Maycock and Guzikowa (1984) , in which 93% of the species listed at Opinicon were found. Other old fields in Ontario have been described by Lamoureux (1970) , Reader (1990) and Reader and Buck (1991) . Fewer of the Opinicon species (37%) were found in abandoned hay fields in New York State described by Mellinger (1972) , and only 20% in old fields in Quebec (Dansereau and Gille 1949). The pro portion of introduced species at Opinicon was 37%, which is higher than the average for the Kingston region (Beschel et al. 1970) . They included both crop plants and weeds.
During 1976-1998 the cover value of woody plants for all plots combined increased significantly (Crowder and Harmsen 1998) ; herbaceous cover, however, did not decrease significantly over time (Figure 1 ). Mean percent cover of non-woody species in 1998 was not significantly different from that in , 1986 , 1984 , 1978 , 1977 and 1976 . Years with high cover were 1979 , 1980 , 1981 , 1985 , or 1987 (Figure 1) . These values sug gest that herbaceous cover was related to year-toyear changes in weather or herbivory rather than to a steady increase in shading. No correlations of cover values with available climatic data were found, although the years with low cover had partial droughts that caused soil cracking.
Herb cover in selected plots is shown in Figures 2A  and 3A , with relatively low variance between years. Plot G1 consistently had higher values than P2. The main components of herb cover are discussed in the following section. The hayfields had been sown with Phleum pratense (Timothy) and Poa pratensis (Kentucky Blue Grass), which maintained their frequency after the cessation of mowing (see Table 2 ). Mellinger (1972) also reported their high frequency in old hayfields in New York. In the Opinicon fields the two species are associated randomly (Epp and Aarssen 1988) . Annual cover of all grass species in all plots varied from a mean of 35% in 1998 to a mean of 87% in 1987. Cover in the G (grass) plots exceeded 100% in some years, because layers of two or more species developed. Differences between the three sets of plots were not consistent.
Cover of grasses did not show synchronous trends within sets of plots. Changes in grass cover were not correlated with soil texture; the two plots shown in Figures 2 and 3 were matched for soil texture but the undisturbed plot G1 in Figure 2 had high grass cover and the ploughed plot in Figure 3 had not. A temporal pattern in the grass-dominated plot showed succes sive peaks three to five years apart followed by declines in cover values. This pattern was typical of grassdomi nat ed plots. The disturbed ploughed plot shown in Fig ure 3 had two less marked peaks and declines. Herbivory was demonstrated by Henderson (1986) to reduce grass cover significantly; he counted larvae of a hesperiid European Skipper (Thymelicus lineola) and found that peaks of larval numbers coincided with low cover of Elymus repens, Phleum pratense and Poa pratensis, and low concentrations of skipper larvae with high grass cover. The grass species differed in their capacity to recover after an insect outbreak, with Phleum pratense being most negatively affected. Outbreak behaviour by the European Skipper has been documented by Pengelly (1961) elsewhere in On tario. Larval outbreaks are considered to affect the suc cessional pathway in the Opinicon fields in a model developed from our data by Blatt et al. (2001) . When insect herbivory on grasses in old fields was studied by Brown et al. (1988) , Elymus repens was the grass spe cies most affected by Homoptera/Auchenorrhycha; these authors considered that both texture and structure of the successional vegetation were affected by the insects.
The initial seed mix contained Medicago sativa ssp. sativa (Alfalfa) and possibly Trifolium pratense (Red Clover) which have persisted in the fields. Medicago sativa frequency was 3-5% in 1976-1980, Macroforb areas of the fields have been and are dominated by Solidago canadensis (Canada Goldenrod), which we observed to spread by both seeds and rhizomes. Its importance in old field succession in North America has been widely reported (e.g., Dale et al. 1966; Goldberg and Gross 1988 Table 2 , were higher in the 1980s than in the 1970s or 1990s. When the three sets of plots were compared, Solidago canadensis and Solidago caesia were found to be most frequent in the S plots (during 1976-1998 the mean frequency of Solidago canadensis in S plots was 47%, in the P plots 37% and in the G plots 26%). Solidago nemoralis and Solidago juncea were generally more frequent in sandy dry plots. This distribution may be explained by different soil moisture tolerances among the congeners (Werner and Platt 1976) .
Cover values for Solidago canadensis ranged from 1 to 100%. Patterns were not synchronous between plots. Two examples are shown. Figure 3 shows Plot P2, with three irregular peaks of goldenrod cover, and Figure 2 shows Plot G1 with only three years of sporadic goldenrod cover. The plot with three peaks and lows ( Figure 3 ) had a periodicity also observed in other plots, while others had one, two, or three-and-a-half episodes. Some sandy plots similar to that shown in Figure 2 failed to develop dense Solidago cover, and did not have a series of highs and lows.
We have found that the cover of Solidago canadensis was negatively and significantly correlated with larval density of three species of Trirhabda beetles in the field (McBrien et al. 1983; Blatt et al. 2001) . Trirhabda virgata was most abundant. Field experiments showed that effects on biomass and cover similar to those caused by larval grazing could be produced by manual defoliation (McBrien and Harmsen 1987) .
Within a field, beetle outbreaks were not synchronous between plots. Outbreaks in the two fields also occurred at different times. In the P/G field, years with several plot peaks of Solidago cover were 1980, 1981, and 1985, and years with most lows were 1976, 1985 and 1998 . That both peaks and lows occurred in 1985 shows the small scale of the beetle outbreaks, sometimes confined to a plot 100 m 2 . Outbreaks on a much larger scale have been reported, for example, on a scale of several hectares (Werner et al. 1980) , and over two hundred insect species have been reported on Solidago canadensis.
Macroforbs growing to the same size as some goldenrods included the asters Aster umbellatus (Flattopped White Aster) and Aster novae-angliae (New England Aster). During the years of observation the percentage frequency of these two species increased (Table 2) . Three smaller species, Aster lanceolatus (included in Aster simplex in Table 2 ), Aster lateriflorus and Aster ontarionis, have been lumped together because they were generally intermingled in straggling clumps which also increased in frequency. Aster cordifolius (Heart-leaved Aster) and Aster urophyllus (Arrow-leaved Aster), both of which are shade-tolerant (Semple et al. 1996) , had low frequency. Five of the aster species found in the Opinicon fields were recorded by Maycock and Guzikowa (1984) .
When all aster species are lumped together, mean annual cover ranged from 1 to 45%. Comparing dif - 1976-1988, 1995 and 1998 is shown by dots. Mean percent cover of non-woody species in all plots in September is shown in the histogram; means which do not share the same letter are significantly different. Mean percent cover of woody species in all plots is indicated by a dotted line with triangles. ferent plots, patterns of peaks and lows like those observed in Solidago canadensis occurred in some plots, but with a longer periodicity ranging up to ten years. Since these fluctuations in cover were not synchronous between plots or fields, it is possible that they were due to herbivory, like the changes in Solidago and grasses.
Two species of horsetail, Equisetum arvense and Equisetum hyemale, were present in the P/G field throughout 1976-1998 with a combined mean percentage frequency of 68%. Both species were most frequent in sandy plots and are locally common in disturbed habitats such as sandpits (Crowder et al. 1997 ). Cover did not exceed 29% for the two species combined in any year, and was generally low.
Mean frequency of Taraxacum officinale ranged from 13% in 1981 to 37% in 1988. Dandelions were present in all three sets of plots every year, with highest frequency in the S and lowest in the G plots. The rosette growth form of Taraxacum officinale is similar to that of many genera in the plots, such as Hieracium spp. and Antennaria parlinii, and probably facilitates early spring growth.
Sedges, Carex spp., were observed in all years and in all sets of plots, but were not analysed because of difficulty in distinguishing non-flowering stages. Carex granularis, Carex laxiflora and Carex normalis were relatively abundant. Mean annual frequency of all species was 39% and most plants were found in plots with high moisture content (Crowder and Harmsen 1998) . Mean cover was less than 2% until 1979, rose to 7% in 1987, and then declined again.
Species which increased in both frequency and cover during 1976-1998 included Asclepias syriaca (Milkweed) and Ranunculus acris (Field Buttercup). Species which declined in both frequency and cover included Rumex acetosella ssp. acetosella (Sheep's Sorrel), Ambrosia artemisiifolia (Ragweed), Oxalis stricta (Yellow Wood Sorrel), and Prunella vulgaris ssp. lanceolata (Self-Heal). Rumex acetosella and Ambrosia artemisiifolia, which are weedy species, were mostly in the ploughed plots, whereas Prunella vulgaris was initially concentrated in grass plots. A minor component with low cover value but high frequency (40-50%) was Potentilla recta (Erect Cinquefoil).
When grass cover was lowered by grazing of Thymelicus lineola, feeding preferentially on Phleum pratense, cover of Solidago and Aster spp. in both fields increased rapidly; they then maintained their dominance at levels equal to that of Poa pratensis, preventing the recovery of Phleum pratense (Henderson 1986; Blatt et al. 2001; Blatt et al. 2003) . In addition to interactions between grasses and goldenrods, other layers were affected. For example, when the cover of Solidago canadensis was decreased by the feeding of beetle larvae a chamaephyte, Fragaria virginiana (Wild Strawberry), showed significantly increased cover (McBrien et al. 1983 ). This finding 1976-1988, 1995 and 1998 (n = 162) Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1995 1998 Poa pratensis during 1976-1988, 1995 and 1998. 2A shows mean percent cover of non-woody species, and non-woody species richness (species number/100 m 2 ). 2B shows cover and species richness of woody plants. 2C shows mean cover of all grass species. 2D shows Solidago species cover, which was only present in 1986, 1988 and 1998. has been confirmed elsewhere by Carson and Pickett (1990) Crowder and Harmsen (1998) could have been expected to create conditions favouring increases of such shade-tolerant species. They did not, however, increase in frequency or cover over time. Presumably shaded microniches under plants such as goldenrods were present in early years and were later replaced by similar conditions under shrubs or trees.
